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ABSTRACT
A parasitoid that can learn cues associated with the host microenvironment
should have an increased chance of future host location and thereby increase its
reproductive success. This study examines associative learning in response to
simultaneous exposure to the colors yellow and blue in mated females of the
parasitoid wasp Nasonia vitripennis. Preference was measured as the proportion of
time spent on a color. When trained with one color rewarded with hosts and honey
and the other unrewarded, females showed an increase in preference for the rewarded
color with increasing number of training days (1,3, and 7 days). Hosts were a more
effective reward than honey, although both produced a significant preference toward
the rewarded color. Hosts and honey together were slightly more effective than just
hosts. When individuals were trained with a variable versus constant daily reward
there was a preference for the color associated with the variable reward when it was
yellow, but not when it was blue. When comparing the preference of the constant
versus variable reward and constant versus no reward, the presence of a variable
reward decreased the strength of preference toward the constantly rewarded color.
Finally, individuals trained with a positive and negative reward preferred the
positively rewarded color when it was blue but showed no preference in the reverse
situation. When blue was the positively rewarded, the presence of a negative reward
versus no reward did not increase the strength of preference toward the positively
rewarded color.
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CHAPTER I
INTRODUCTION TO THE STUDY

The reproductive success of a parasitoid can be measured by the number of
hosts parasitized and number of offspring produced. If a parasitoid can learn the
characteristics associated with its host environment, it should improve the chances of
future host location, and the success of the individual should greatly increase (Arthur,
1966). Learning can be defined as a change in behavior based on past experience
(Wardle, 1990), and when a change in behavior results from the association of a
stimulus with a reward or punishment, this type of learning is associative learning. I
examined associative learning in response to visual cues in the parasitoid wasp
Nasonia vitripennis (Hymenoptera: Pteromalidae).
Most of what is known about insect learning comes from the well-studied
honey bee (Hymenoptera: Apidae) (Wehner, 1967; Gould, 1986). The information
available on the learning capabilities of parasitoid wasps is limited, and much of that
research has focused on olfactory cues, with little work on visual cues (Simpson &
White, 1990; Takasu & Lewis, 1996). There is preliminary evidence which suggests
that N. vitripennis may be able to discriminate between hosts using visual cues
(Madej, 1990). Therefore, it seems likely that they could learn to associate hosts with
visual stimuli. Many of the past experiments on insect learning deal with the effect
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of rewarded experiences, with little information available on the effects of (negative
reward) punishment or a variable reward (Papaj et al., 1994).

Ecology of N. vitripennis
Nasonia vitripennis parasitizes the pupae of several fly species commonly
found in carrion, nests, and refuse (Rueda & Axtell, 1985). N. vitripennis oviposits
on hosts and feeds on hosts and honey in the lab and presumably nectar in the wild as
observed in other parasitoid wasps (Godfray, 1994). Females have eggs available for
oviposition upon emergence but must (host feed) feed on hosts to produce additional
eggs. Females that do not host feed will begin to reabsorb eggs within three days and
will continue to do so until host feeding commences (Whiting, 1967). Therefore, host
feeding is necessary for continued reproductive success.
N. vitripennis has been studied behaviorally, ecologically, physiologically and
morphologically (e.g., Velthuis et al., 1965; Davies & King, 1975; Beukeboom, 1994;
King et al., 1995). Yet, very little is known about the learning capabilities of N.
vitripennis. Since N. vitripennis parasitizes hosts found in a variety of habitats and
host numbers are unpredictable, an ability to learn should be beneficial, and since
much of the parasitoid’s natural biology is relatively well known, in future
experiments it will be possible to examine the ecological relevance of observed
learned behaviors.
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There are many other species of parasitoids of pest flies besides N. vitripennis
(Rueda & Axtell, 1985). N. vitripennis may provide a useful model for understanding
learning in these parasitoids. It is very easily reared and maintained in a laboratory,
minimizing time spent on colony maintenance and maximizing time spent on
experiments. It has a short generation time of approximately 2 weeks, and
hosts can be purchased commercially and kept in the refrigerator until use. The
wasps will live over 4 weeks in the laboratory when provided with ample food.
Thus, training females starting on their date of emergence allows ample time for
multiple training sessions.

Statements of Tests Conducted
I tested the ability of female N. vitripennis to learn using the presence of hosts
and/or honey as a rewarded experience and their absence as an unrewarded
experience. Here I (1) test for an innate color preference for yellow versus blue, (2)
determine the number of training days necessary to demonstrate learning and
determine whether the effect of days is the same for learning blue as for yellow, (3)
determine whether hosts or honey is a more effective reward, (4) determine whether
females learn a preference for the color associated with a constant or with a variable
host presence, and (5) determine whether females learn a preference for the color
associated with the presence of a positive reward versus a negative reward.

CHAPTER II
METHODOLOGY

Spectral reflectance curves were generated for the yellow and blue index cards
that were chosen as the color background (following King et al., 1994). The colors of
yellow and blue were chosen because their peak wavelengths are at opposite ends of
the color spectrum (Figure 1), and I wanted to maximize the chance of detecting
learning. The colors blue and yellow have also been used successfully in experiments
examining whether other species of wasps can learn to associate color with a reward
of hosts (Arthur, 1966; Fukushi, 1989).

Colony Maintenance
An inbred line of the scarlet eye strain of N. vitripennis was obtained
commercially from Carolina Biological Supply Company. The wasps were reared on
the pupae of Calliphora vomitoria, which were obtained from Grubco Inc. as larvae,
allowed to pupate, and then stored at 4°C. Adult wasps were fed honey ad lib. (clover
honey) and stored in petri dishes in an incubator at 23-26 °C with a 12:12 light:dark
cycle. Wasps were allowed to mass mate, and individual females were given fresh
hosts daily. Parasitized hosts were removed after 24 hours and stored in a petri dish
according to the date of parasitization. Several days before expected emergence, the
host puparium was cracked open and the wasp pupae removed.
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Nanometers

Figure 1
Spectral reflectance curves for blue and yellow.
Percent reflectance differs between the background colors of yellow and
blue. The peak reflectance of yellow is between 600 to 700 nm while the peak
reflectance of blue is around 500 nm.
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Experiment One: Innate Color Preference
To determine whether N. vitripennis demonstrates an innate color preference
for blue or yellow, each female was placed in a 100 x 15 mm (diameter x height) petri
dish with a clear plastic divider down the center. The divider did not restrict the
wasps access to the other side of the dish. A yellow and a blue unruled index card
had been placed under the petri dish so that half the dish was yellow and half was
blue. Petri dishes were separated from each other by cardboard partitions. Overheard
fluorescent lights were used as a light source. Mated females without prior host
experience and aged 0-1 day old from adulthood were used. Females had never been
fed. Previous to testing, the wasps were kept in an environmental chamber lined in
white; consequently the wasps lacked prior exposure to yellow and blue.
Testing was the same in all five experiments. Testing began when the wasp
was placed on the dividing line between yellow and blue and the behavior was
monitored for 10 minutes. Neither color was associated with a reward during testing.
I alternated which color was on the right versus the left between females. The first
color chosen along with the total time spent on each color was noted. Time was
divided into three categories: time spent on yellow, time spent on blue, and time
spent on the dividing line. Time spent on the dividing line was not included in the
total time; consequently an individual wasp’s total time can be 10 minutes or less.
Each wasp was tested only once. Preference is defined as the proportion of total time
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spent on a given color. The color on which the wasp spent the majority of time is
referred to as the preferred color.
A total of 50 wasps were tested. Preference for yellow versus blue was
compared by a paired t-test. For methodological reasons, independent t-tests were
conducted to determine if the first color chosen was an indication of which color the
wasp would then spend the majority of time on.

General Training Protocol for Experiments Two - Five
Unfed mated N. vitripennis females aged 0-1 day old were trained. For
training, each female was placed in a half yellow and half blue 100 x 15 mm divided
petri dish as in experiment one. For each day of training a clean petri dish and fresh
reward were provided. To minimize learning of location cues rather than color during
training, the rewarded color location was alternated daily within females. For
example, if on day one the rewarded color was on the right, on day two it would be on
the left. Also which side the rewarded color started on was alternated between
females. Each female wasp was trained for a specified number of days and then
tested.
Testing was as described in experiment one. The colors were perpendicular
with respect to training orientation to avoid the confounding of color and location
cues. The first color chosen along with the total time spent active and inactive on
each color were noted.
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Experiment Two: Optimal Number of Training Days
This experiment was designed to determine the effect of the number
of training days and the color that was rewarded on associative learning capabilities.
The number of training days tested were one, three, and seven. The reward was five
hosts and a small (4 mm diameter) droplet of honey. No reward was offered on the
other side. A total of 152 wasps were trained: 29 for one day, 24 for three days, 27
for seven days trained on blue; 28 for one day, 29 for three days, and 23 for seven
days trained on yellow. During testing, timing was divided into four categories: time
spent active on blue, inactive on blue, active on yellow, and inactive on yellow, but
active and inactive times were combined except for the day 7 treatment. An analysis
of covariance was conducted in order to test for an effect of the two training colors
and an effect of the number of training days on preference. The ANCOVA
assumption of no interaction between the training color (independent factor) and
number of days tested (covariate) was met (FU56 = 0.70, P = 0.41). For the sevenday treatment, a chi-square test was conducted to examine whether the first color
chosen was dependent on the color which had been rewarded. A paired t-test was
conducted to determine whether females spent more time active on the rewarded side,
but again only for the seven-day treatment.
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Experiment Three: Effect of Different Rewards on Preference
This experiment was designed to determine whether hosts or honey was a
more effective reward for associative learning. Training was as outlined in the
general training protocol except that only the color blue was rewarded for all females.
Blue was chosen as the rewarded color because although there was no significant
effect of color, the trend was for a stronger preference by females learning blue
(Figure 2). Training was for seven days based on the results of the previous
experiment. During training, the reward was either five fresh hosts daily (n = 39
females) or a fresh spot of honey daily (n = 42 females). Independent t-tests were
used to test for a preference for the rewarded color within each treatment as well as to
test for a difference in the strength of preference between the two rewards.

Experiment Four: Variable Versus Constant Reward
Experiment four examined whether females demonstrate a preference for the
constantly rewarded color when presented with a choice of a constant or a variable
host presence. The constant reward was five hosts daily for eight days, for a total of
40 hosts. The variable reward was on days one through eight 0, 10, 0, 10, 0, 10, 0, 10
hosts respectively, for a total of 40 hosts. A total of 56 wasps were trained, 26 with a
constant reward on blue and 30 with a constant reward on yellow. Independent t-tests
were conducted in order to determine if the constant reward color was the preferred
color. I also looked at whether a variable host presence increased or decreased the
preference toward the constant reward color by comparing the preference in this

10
experiment to the preference females demonstrated for blue with five hosts daily
versus no reward in the previous experiment.

P
uJ
z
a
w
Sh
P
NUMBER OF DAYS

Figure 2
Preference for the rewarded color (yellow or blue) with 1. 3. & 7 days of training with
hosts and honev as the reward.
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Experiment Five: Positive Versus Negative Reward
Experiment five examined whether females learn a preference for the color
associated with the presence of a positive versus a negative reward. Five old host
pupariums (host “shells”) which had previously been parasitized and from which
wasps had already emerged were used as the negative reward. These puparia had
been frozen, then thawed to ensure the absence of any live wasps. The positive
reward was five unparasitized hosts. The wasps were trained for a total of seven days.
Forty females each received a positive reward on the color blue and a negative reward
on yellow, while another 40 females each received positive reward on yellow and
negative reward on blue. Independent t-tests were conducted on the positively
rewarded color to determine if a preference was indicated.
To better understand the response of the females to the negative reward used
in experiment five, 10 wasps were videotaped, each for 3 hours. Females were
unfed, mated, and 0-1 day old as in previous experiments. Each wasp was presented
with a fresh unparasitized host and an empty puparium from which the wasps had
already emerged. Behavior was recorded with a color video camera and a s-VHS
digital recorder on s-VHS extended play tapes. Tapes were reviewed on a 48 cm
color monitor. The following information was collected: the first host contacted,
antennated, probed with ovipositor, successfully drilled into, and the total time spent
on each host (for behavior definitions see King, in press). Since females cannot
oviposit or feed from empty puparia, they were expected to serve as a negative reward
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if females spent time exploring them. Since the sample size was small, only
descriptive statistics are provided.

Statistics
All results were analyzed using the statistical software package SPSS 6.1 for
Windows. Parametric tests were used because the assumptions of normality were met
as determined by testing for skewness and kurtosis at a = .001. a = .001 was
chosen because t-tests and ANOVAS are robust to deviations from normality
(Scheffe, 1959). ltP indicates a one-tailed test and 2tP a two-tailed test. Before
experiments began I decided to use proportion of total time as a measure of
preference. But I also collected first side chosen as well as the time spent active and
inactive on each color to see if wasps were more active on the rewarded versus
unrewarded side. This information was collected for methodological reasons to see if
the first side chosen and activity levels were indicators of preference in hopes of
reducing testing time. These latter tests were done for part of experiment two.
Because these tests are of different hypotheses from the other tests of preference, a
values were not adjusted for multiple tests. The comparisons between experiments
should be viewed with greater caution than comparisons within experiments since
different experiments were not conducted simultaneously, although basic protocol
was consistent.

CHAPTER III
RESULTS
Experiment One: Innate Color Preference
The wasps did not demonstrate an innate color preference for blue versus
yellow. There was no significant difference between the proportion of time spent on
each color (Table 1). The first color chosen was an indication of the color on which
the wasps would spend the majority of time, but only significantly so when the first
color chosen was yellow (Table 2).

Table 1
Proportion of time spent on yellow versus blue with no prior training.

±

Color

Mean

Blue

0.4625

±

.056

0.00

1.00

Yellow

0.5375

±

.056

0.00

1.00

SE

Paired t-test (t = 0.67, df = 49, 2tP = .508)

Range
Min
Max
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Table 2
Proportion of time spent on the first color chosen with no prior training.

First
Color Chosen

Proportion of Time
on First Color

Range
Min Max

Mean

±

SE

Blue

0.60

±

.068

0.00

Yellow

0.71

±

.081

0.00

Is Proportion of Time
on First Color > 0.5 ?
t

df

ltP

1.00

1.48

27

.075

1.00

2.64

21

.010

Experiment Two: Optimal Number of Training Days
Preference did not differ significantly between the two training colors, but
preference increased with increasing number of training days (Table 3 & Figure 2).
The first color chosen was independent of the color which had been rewarded (Table
4). Wasps spent a greater proportion of their time active on the rewarded side than on
the unrewarded side (Table 5).
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Table 3
Analysis of covariance of the effects of training color and number of days trained
on preference.

Source of Variation
Training Color
Number of Days Trained
Residual

DF

MS

F

P

1

0.17

1.80

1

0.54

5.78

157

0.09

0.18
0.02

Table 4
First color chosen was not a consistent indicator of preference when training was
hosts and honey versus no reward for seven days.

First Color
Chosen

Color
Rewarded
Yellow Blue

A2

df

P

Blue

12

15

0.33

1

0.56

Yellow

16

7

3.52

1

0.06
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Table 5
The proportion of time spent active on the rewarded versus unrewarded color
when training was for seven days.

Variable

Mean

±

SE

Range
Min
Max

Rewarded Color

0.65

±

.253

0.00

1.00

Unrewarded Color

0.35

±

.253

0.00

1.00

(Paired t-test: t = 4.28, df = 49, ltP < .0005)

Experiment Three: Effect of Different Rewards on Preference
Females preferred the rewarded color, blue, to the unrewarded color, yellow,
regardless of whether the reward was hosts or honey (Table 6). However,
females rewarded with hosts had a significantly stronger preference for the rewarded
color than did females rewarded with honey (t = 1.802, df = 79, ltP = .03).
Comparing experiment two to experiment three with seven days of training, there was
a slight but significantly stronger preference for blue when the reward was hosts and
honey than when the reward was only hosts (t = 7.34, df = 64, 2tP < 0.001) (Figure 2
& Table 6).
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Table 6
Preference for the rewarded color (blue) when the reward was honey versus hosts.

Reward

Proportion of Total Time on Blue
Mean

±

SE

Range

Is the Proportion of Time Spent
on the reward color >0.5?
t
df
ltP

Hosts

.683

±

.048

0.00-1.00

3.86

38 <.0005

Honey

.570

±

.042

0.00-1.00

1.68

41

.05

Experiment Four: Choice of Variable Versus Constant Reward
When wasps had been trained with the constant reward on blue, the wasps
spent a greater percentage of time on the variable-reward side (yellow). Yet when
trained with the constant reward on yellow, there was no significant preference for the
color associated with the variable reward, blue (Table 7).

Despite one more day of

training, a variable host presence decreased the preference toward the constant reward
color: the preference for five hosts daily on blue for eight days in this experiment was
less than the preference females demonstrated for five hosts daily for seven days
versus no reward in experiment three (X = 0.33 versus X = 0.68; Tables 6 & 7).
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Table 7
Preference for the constantly rewarded color when the colors were associated
with a constant and variable reward.

Color receiving constant
Reward

Proportion of Total Time

Is Time Spent on the
Constant Reward = 0.5?
t
df
2tP

Mean

±

SE

Blue

0.33

±

.036

4.50

25

<.001

Yellow

0.52

±

.070

0.32

29

.749

Experiment Five: Positive Versus Negative Reward
When the wasps were trained with the positive reward on blue, wasps showed
a significant preference for the positively rewarded color over the negatively
rewarded color (Table 8). But when the positive reward was on yellow, there was no
significant preference. The negative reward did not increase the preference toward
the positively rewarded color. The degree of preference for blue over yellow when
blue had been associated with hosts as a reward was the same regardless of whether
yellow had been associated with nothing or with an empty host puparium (X = 0.68
versus X = 0.64, t = .056, df = 65, 2tP > 0.50) (Tables 6 and 8). The negative reward
was explored by females. In fact, 8 of 10 females contacted and antennated the
previously parasitized host before the unparasitized host. Six of the ten wasps spent
more time on the empty puparium than on the unparasitized host (Table 9).
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Table 8
Preference for the positively rewarded color when the colors were associated
with a positive and a negative reward.

Color of Positive
Reward

Proportion of Total Time

Mean ±

Blue

.643

Yellow

.498±

±

Is Proportion of Time Spent on
the Positive Reward > 0.5?

SE

t

df

ltP

.031

4.61

39

<.0005

0.05

39

.039

.48
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Table 9
Results of video observations.

Wasp

First
Contact

Antennated

1

E

E

122:31

0:05

2

U

U

1:32

0:00

3

U

U

7:19

0:00

4

E

E

0:00

144:00

5

E

E

0:00

1:15

6

E

E

0:00

3:21

7

E

E

0:00

119:57

8

E

E

0:00

0:07

9

E

E

0:00

174:31

10

E

E

118:59

6:47

Minutes: Seconds
U = Unparasitized, E = Empty Puparium

Drilling

E

U

Total Time On
U
E

X = 24:94

44:88

SE = 15:94

22:44

CHAPTER IV
DISCUSSION

Nasonia vitripennis females showed no innate color preference for yellow
versus blue. The response of N. vitripennis females to color in all five experiments
could have been a response to wavelength or to brightness. The spectral reflectance
curves generated for the background colors of yellow and blue indicated that if
brightness was computed as mean reflectance, the yellow was brighter. However,
whether the yellow appeared brighter than the blue to the wasps is a more difficult
question to address. Brightness “cannot be determined from the spectral radiance
curves alone, because the sensitivity of the photoreceptors is not uniform across
different wavelengths” (Shafir, 1996). A previous study of the visual range of 43
different species of hymenopterans indicated a maximum spectral sensitivity at 340,
430, 535 nm (see blue curve Figure 1) and only a minor sensitivity at 600 nm (see
yellow curve Figure 1) (Peitsch et al., 1992). Thus, it is even possible that the wasps
perceived blue as being brighter than yellow.

N. vitripennis females may have been

responding to hue and not brightness because other parasitoids have demonstrated an
ability to learn color based on hue not brightness (Wardle, 1990; Shafir, 1996).
Nasonia vitripennis females did learn to associate color with the presence of
hosts and/or honey. Similarly, Polybia occidentalis (Hymenoptera: Vespidae)
learned to associate a reward of sugar with a color stimulus (Shafir, 1996), and the
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parasitoid wasps Itoplectis conquisitor and Exeristes robator (Hymenoptera:
Ichneumonidae) learned to associate hosts with a color stimulus (Arthur, 1966;
Wardle, 1990).
Nasonia vitripennis needed multiple training sessions before exhibiting a
preference, and preference increased with increasing number of trainings. This is
consistent with other reports on insects. Honey bees, house flies, and butterflies
(Hymenoptera, Diptera, Lepidoptera) all demonstrate an increase in the strength of
preference when the number of training sessions increases (Fukushi, 1976; Gould &
Marler, 1984).
Hosts may have elicited a stronger preference than honey because a wasp can
both feed and oviposit on a host; thus, hosts may provide a stronger reward than just
feeding on honey. In addition, in terms of volume the five hosts were a larger reward
than the spot of honey. On the other hand, frequently all five hosts were parasitized
while there was always honey left at the end of a training day (personal observation).
The wasps’ preference for the rewarded color was slightly greater with the reward of
hosts and honey than with the reward of only hosts. Previously only a few studies
with insects have examined the response to two different types of rewards
(Raubenheimer & Tucker, 1997). Past studies usually have focused on one type of
reward, e.g. sugar water, although sometimes the effect of varying concentration has
been tested.
The response to the variable versus constant reward is difficult to interpret.
There was a significant preference for the variable-reward side, but only when the
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variable reward was associated with yellow. There was no significant preference
when the variable reward was associated with blue. Thus, there was never a
significant preference for the constant reward regardless of color. It is unclear why
female N. vitripennis learned to associate yellow but not blue with the variable
reward.
Preference for a variable reward has been found in some animal species when
they are operating under a negative energy budget. Yellow-eyed juncos and starlings
prefer variable rewards when on a negative energy budget. On a positive energy
budget, the juncos prefer the constant reward, whereas the starlings do not (Bateson &
Kacelnik, 1997; Caraco et al., 1990). In contrast, N. vitripennis preferred the
variable reward even though it was operating on a positive energy budget. The wasps
were never in danger of starvation nor were they likely to reabsorb eggs within 24
hours (Whiting, 1967).
Bumble bees (Hymenoptera: Apidae) favor a constant reward over a variable
reward when the mean reward between the two choices is the same, but when the
mean of the variable reward is greater the bumble bees will switch their preference to
the variable reward. It appears that bumble bees forage in a way that maximizes their
short-term energy intake (Real, 1991). Thus, one might expect them to prefer an
immediate larger payoff. N. vitripennis demonstrated a preference toward the
variable reward in association with yellow. However, on the last day of training the
variable-reward side was associated with 10 hosts; consequently the wasps’ last
experience with the variable reward was a large reward and this could
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explain the preference for the variable reward, although it still is unclear why the
effect was significant for yellow but not blue.
When choosing between colors associated with positive versus negative
rewards, N. vitripennis again showed a significant preference only with one color
combination and not the other. There was a preference for the positively rewarded
color only when it was blue; when the positive reward was on yellow, there was no
significant preference. Information on the effect of negative rewards for insects is
limited. Examples of negative rewards used in previous insect experiments include
electric shock and toxins. The relevance of these examples on the foraging behavior
of a parasitoid is unclear (review by Bemays, 1993), whereas it seems likely that N.
vitripennis females would sometimes encounter unsuitable hosts.
The results of the video observation suggest wasps are at least as likely to
approach, contact, and antennate empty previously parasitized hosts as they are
unparasitized hosts. It appears wasps may not be able to determine host quality by
visual cues but may need to probe and/or drill into the host (King & Skinner, 1991,
and references therein). Time spent exploring and drilling into an empty host is
assumed to represent a negative reward because there is no obvious benefit for the
wasp, i.e. it cannot feed or oviposit. It is possible that some females were searching
for a mate, but this seems unlikely since females had been with males and presumably
had mated. It is particularly unlikely that of the 10 females more than half were
unmated, yet 8 of 10 females first contacted and antennated the empty hosts. It may
be conceptually more difficult for the wasps to distinguish between the
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unparasitized versus empty hosts than to distinguish between hosts and/or honey
versus nothing. The presence of hosts, even empty host pupariums, may be beneficial
since it signifies the presence of hosts generally. While empty host pupariums
themselves are not of benefit, they do indicate a habitat where unparasitized hosts
were found at an earlier time.
The results of my study indicate N. vitripennis is capable of associative
learning. The purpose of this study was to establish some basic parameters for visual
learning in N. vitripennis and to set the ground work for future experiments pertaining
to the ecology of learning in this species. Since learning should be useful in
increasing the success of future host location and parasitization, it is of interest to
determine how or if N. vitripennis uses learned host microenvironment characteristics
while foraging.
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